hospital for the detection or diagnosis of cancer, not for treatment. The present report is based on women who completed the questionnaire between January 1988 and December 1995.
Cases were incident colorectal cancer patients who had undergone surgery and about whom subsite-specific information was collected, based on both clinical and histopathologic examination at the hospital. Of all the female cases (n = 376), four women who had a past history of any malignancies other than colorectal cancer were excluded. Controls were all women confirmed by diagnostic procedures at the hospital to be cancer-free (n = 32 416). Women younger than 20 (n = 731) and those with a past history of cancer (n = 612) were also excluded from the eligible population, as were 12 women with missing observations in at least three of four variables (age at menarche, age at menopause, age at first full-term pregnancy and average months of breast feeding per child). Included in this analysis were 372 colorectal cancer cases and 31 061 controls.
Based on surgical records, cases were divided into three subgroups according to anatomic site of the primary lesion: proximal colon (appendix, caecum, ascending and transverse colon), distal colon (descending and sigmoid colon) and rectum (rectosigmoid colon, rectum). Included were 113 patients with proximal colon cancer, 126 with distal colon cancer and 133 with rectal cancer (Table 1) .
Data analysis
All the colorectal cases were compared to controls using the unconditional multiple logistic regression model. Odds ratios (OR) and 95% confidence intervals (CI) were calculated for known and suspected risk factors, which were simultaneously included in the model. The statistical significance of the difference between colon versus rectum, as well as between proximal versus distal colon, was determined by a case-to-case comparison, using the multiple logistic regression model (Breslow and Day, 1980; Fox, 1984) . The PC-SAS and EGRET systems were used for statistical analysis (SAS Institute, 1987; Statistics and Epidemiology Research Corporation, 1990) .
The following variables were included in each model as categorical variables: occupation (housewives vs all others), family history of colorectal cancer among first-degree relatives, menstruation at the age of between 20 and 29, menopausal status, full-term pregnancy history, alcohol drinking and cigarette smoking. Included in each model as continuous variables were age at interview, age at menarche, age at menopause, age at first pregnancy, number of pregnancies, age at first full-term pregnancy, number of full-term pregnancies and average months of breast feeding per child. Certain variables previously found to be significant , e.g. softness of faeces (yes vs no) and intake frequency of certain foods (rice, bean curd, fruits, ham and sausage; frequently vs rarely), were incorporated into the model as dichotomous covariates. Due to high collinearity, variables of pregnancy (pregnancy history, age at first pregnancy, number of pregnancies) and variables of full-term pregnancy, (full-term pregnancy history, age at first full-term pregnancy, number of full-term pregnancies) were not simultaneously included in the model.
For continuous variables applying only to parous women, nulliparous women were assigned a value of zero. Because the variable 'full-term pregnancy history' was also included in the model, this removed the influence of nulliparity from the coefficient estimates for these continuous variables. Similarly, for the continuous variable 'age at menopause', premenopausal women were assigned a value of zero. For multivariate modelling, imputed missing values for continuous variables were replaced with age stratum-specific median values. Age at menarche for eight cases and 114 controls, age at menopause for eight controls, age at first pregnancy for two cases and 57 controls, number of pregnancies for no cases and 25 controls, age at first full-term pregnancy for two cases and 69 controls, number of full-term pregnancies for no cases and 48 controls, and the average months of breast feeding for three cases and 164 controls were imputed in this manner. For cases, missing values for menstruation between the age of 20 and 29 were considered to be irregular (n = 4); for controls, missing values for this variable were considered to be regular (n = 188). This conservative assumption biased the overall result for menstruation toward the null. Subjects with missing observations for alcohol drinking (34 controls) and cigarette smoking (one case and 31 controls) were considered to be never-users. A more detailed procedure has been described elsewhere (Yoo et al, 1997) .
RESULTS
Using a multiple logistic regression model, all cases were compared with controls. Table 2 shows that some risk factors are significantly related to the risk of colorectal cancer; these include age at interview (OR = 1.32 per 5 years; 95% CI = 1.23-1.42), family history of colorectal cancer among first-degree relatives (OR = 2.58; 95% CI = 1.77-3.75), menstruation at younger age (OR = 0.65; 95% CI = 0.49-0.86), age at menopause (OR = 1.24 per 5 years; 95% CI = 1.02-1.50), age at first pregnancy (OR = 1.30 per 5 years; 95% CI = 1.11-1.51) and age at first full-term pregnancy (OR = 1.33 per 5 years; 95% CI = 1.13-1.56).
Occupation, age at menarche, number of pregnancies, number of full-term pregnancies, average months of breast feeding per child, alcohol drinking and cigarette smoking, however, were not significantly associated with the risk of colorectal cancer.
The results of multivariate comparison of risk factors between colon and rectal cancer, using a polytomous logistic regression model, shows that none of the variables previously found to be significant risk factors in colorectal cancer were significant. Accordingly, rectal cases were disregarded for further analysis, and the results are not presented.
The results of multiple polytomous logistic regression analysis to determine whether risk factors differed across the three subgroups (proximal colon cancer, distal colon cancer and controls) are shown in Table 3 . Age at interview was positively associated with both proximal (OR = 1.36 per 5 years; 95% CI = 1.20-1.54) and distal colon cancer (OR = 1.22 per 5 years; 95% CI = 1.09-1.37), but heterogeneity of the odds ratios was not statistically significant (P = 0.694). The odds ratio for family history of colon cancer among firstdegree relatives was higher in distal (OR = 3.02; 95% CI = 1.67-5.45) than in proximal colon cancer (OR = 1.97; 95% CI = 0.95-4.11), but there was no significant difference in the odds ratios between proximal and distal colon cancer (P = 0.712). Among the menstrual factors, age at menarche was negatively associated with proximal cancer (OR = 0.88 per 2 years; 95% CI = 0.70-1.10), but positively associated with distal colon cancer (OR = 1.34 per 2 years; 95% CI = 1.10-1.62) (P-value for heterogeneity of odds ratios = 0.010). However, menstrual regularity previously found significant in case-control comparison, did not show any significant difference in odds ratios between proximal and distal comparison (P-value for heterogeneity of odds ratios = 0.442). Although age at menopause was positively associated with proximal colon cancer (OR = 1.72 per 5 years; 95% CI = 1.20-2.48), the difference in odds ratios between this and distal colon cancer was not significant (P = 0.124).
Particularly noteworthy was that apparent heterogeneity of odds ratios for reproductive factors of both pregnancy and full-term pregnancy between proximal and distal colon cancer was observed. The odds ratio for age at first pregnancy was significantly higher for distal (OR = 1.63 per 5 years; 95% CI = 1.28-2.09) than for proximal colon cancer (OR = 1.10 per 5 years; 95% CI = 0.84-1.45) (P-value for heterogeneity of odds ratios = 0.016). Similarly, the odds ratio for age at first full-term pregnancy was significantly higher for distal (OR = 1.75 per 5 years; 95% CI = 1.36-2.25) than for proximal colon cancer (OR = 1.17 per 5 years; 95% CI = 0.88-1.55) (P-value for heterogeneity of odds ratios = 0.028). Neither the number of pregnancies nor the number of full-term pregnancies showed significant heterogeneity between proximal and distal colon cancer risk, however. The remaining variables, i.e. average months of breast feeding per child, alcohol drinking and cigarette smoking, showed no difference in odds ratios between proximal and distal colon cancer.
DISCUSSION
Only a few studies have been conducted to determine whether menstrual factors are related to the risk of colon cancer. Table 4 shows that the overall picture from reports so far published is that there is no association between menstrual factors and colon or colorectal cancer (Peters et al, 1990; Kvale and Heuch, 1991; de Verdier and London, 1992; Jacobs et al, 1994; Kampman et al, 1997) . Although we also failed to see the relationship between age at menarche and colorectal cancer, there is an apparent relationship of late age at menopause with significantly elevated risk of colon cancer, suggesting the possible role of menstrual factors in the aetiology of colorectal cancer. A summary of nine studies on parity in relation to female colon cancer risk shows marked inconsistencies (Table 4) . A community-based case-control study in Australia shows that increasing parity was associated with a decreasing risk of colon cancer . A similar decreasing trend was observed in a population-based case-control study in Los Angeles, CA, USA (Peters et al, 1990 ) and among women diagnosed before age 65 in a cohort study in Utah, USA (Slattery et al, 1995) . Cantor et al (1993) observed that parous women were at significantly decreased risk of colon cancer (OR = 0.67; 95% CI = 0.5-0.97), but no significant trend with parity was seen. Neither case-control study in Sweden (de Verdier and London, 1992) and in Seattle (Jacobs et al, 1994) , nor two cohort studies in Norway (Kvale and Heuch, 1991; Kravdal et al, 1993) reported any significant evidence of a risk of colon or rectal cancer being influenced by parity, and this was consistent with the results in this study. The findings of the significant increasing trends in odds ratios with age at first full-term pregnancy observed in this study were consistent with the results of the earlier case-control studies Howe et al, 1985) . It is not yet clear whether colorectal cancers at different subsites represent aetiologically distinct forms of the disease and have different risk factor profiles. In previous studies, overall, there is no evidence that menstrual factors differ in their association with colon cancer risk by subsite (Table 4 ). In the present study, however, age at menarche was positively associated with distal colon cancer, although it did not show statistical significance in case-control comparison. Even though both menstrual regularity and late age at menopause were significantly associated with colorectal cancer risk, stratified analysis by subsite did not reveal a significant association. These findings should be pursued in further epidemiologic studies.
Reports on the dissociation between parity and colon cancer risk by subsite are quite inconsistent (Table 4) . Two reports have found that parity only slightly decreases the risk of colon cancer in both sides of the colon, if at all Peters et al, 1990) . In some studies, however, statistical testing -needed if trends in parity are to be revealed and subsequently describedwas not carried out. Peters et al (1990) and Jacobs et al (1994) , on the other hand, interpreted their case-control studies to indicate that it is distal colon cancer that is related to endogenous hormonal risk factor of parity. For all cases combined, the present study observed an odds ratio for number of full-term pregnancies of 1.19 (95% CI = 1.00-1.42) for the distal colon. There was, however, no significant heterogeneity in the odds ratios (P = 0.803).
The present study showed an intriguing finding concerning the dissociation of both age at first full-term pregnancy and age at first pregnancy, with subsite-specific risk of colon cancer; the observed increase in odds ratio was found to be significant in distal colon cancer (OR = 1.75), but not significant in proximal colon cancer (OR = 1.17). Potter and McMichael (1983) observed that the risk of cancer in both sides of the colon influenced by age at first live birth. A Norwegian cohort study (Kvale and Heuch), 1991, however, showed that relative risk (RR) of colon cancer related to age at first birth of over 35 was higher on the left side than on the right; the findings were RR for right colon = 0.64, RR for transverse and descending colon = 1.25, RR for sigmoid and rectosigmoid colon = 2.21, and are quite relevant to those of the present study. A similar finding has been reported in another Norwegian birth cohort (Kravdal et al, 1993) .
The current, a hospital-based study, is internally valid because the cases and controls are selected from the same source population since the study population was the first-visit outpatient adults at the hospital. The representativeness of cases and controls has been described elsewhere (Yoo et al, 1992; Hirose et al, 1995) . The fact that these results are unlikely to be affected by selection bias have been described elsewhere . The major limitation of the present study is that the number of cases compared to controls was too small to ensure comparability. It is true that efficiency does not increase appreciably above a control: case ratio of 4:1. However, given a fixed number of cases, a higher control: case ratio certainly does not hurt efficiency, and does lead to a marginal improvement. Thus, we saw no reason not to include the entire control group in the analysis, as opposed to selecting a random sample of controls. It should be reassuring, however, that with regard to comparability, the methodological issue of using all available non-cancer individuals as a control group (Hamajima et al, 1994) , as well as the disease profile of cancer-free controls in the present study, have already been discussed elsewhere (Yoo et al, 1992; Hirose et al, 1995; Inoue et al, 1995) .
On the basis of a trend analysis, using Japanese mortality statistics for the period 1969 -1981 , Tajima et al (1985 reported that the age-adjusted death rate for distal colon cancer has fundamentally increased in both genders and, in particular, is higher in the male. The South Australian Cancer Registry, however, reported that, for the period 1977-1980, female rates for distal colon cancer incidence before the age of menopause (approximately age 50) exceeded male rates for that age group . Slattery et al (1995) observed that, according to the Utah Population Database, the majority of tumours among women diagnosed at age 64 or less were in the distal segment of the colon, while among women 65 or older, the majority of tumours were proximal. Differences in the age-specific incidence of subsitespecific tumours among various countries might influence the results of subsite analysis.
This study confirms that, in Japan, there is a strong association between female reproductive factors and the risk of colorectal cancer. In the comparison of risk factors by colonic subsite, particularly noteworthy was the fact that the significance of age at menarche, of age at first pregnancy and of age at first full-term pregnancy was found to be greater in case of distal colon cancer, with statistical significance. Based on these findings, it can be speculated that hormonal reproductive factors may be closely related to the risk of distal colon cancer, which suggests that through a mechanism not yet understood, sex hormones play an aetiologic role in the carcinogenesis of colon cancer. The recent increase in the incidence of distal colon cancer seen in Japan might be attributed to high consumption of Western-style foods , in combination with subsequent changes in reproductive behaviour in younger Japanese women.
